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Abstract 

L-Amino acid biosynthesis using genetically engineered coryneform bacteria with enhanced glucose 
6-phosphate isomerase (pgi gene) activity is disclosed. L-Amino acids are selected from L-lysine, L-glutamic 
acid, L-threonine, L-isoleucine, and L-serine. The glucose-6-phosphate isomerase activity can be enhanced 
by increasing the copy no. of pgi gene. A plasmid carrying the Escherichia coli pgi gene was prepd. and 
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introduced into Brevibacterium lactofermentum. The transformants were able to grow well and produce 
significantly more L-lysine and L-glutamic acid compared to that of the parental strain. 
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NOVELTY - A coryneform bacterium has enhanced glucose 6-phosphate isomerase 
activity in its cell and can produce an L-amino-acid. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for a 



process for producing an L-amino-acid by culturing the coryneform 
bacterium in a medium to produce and accumulate the L-amino-acid before 
isolation. 

USE - Production of L-amino-acids by improved fermentation of 
coryneform bacterium with gene encoding glucose 6-phosphate isomerase 
transferred to enhance the isomerase activity, with elevated productivity 
of e.g. L-lysine and L-glutamic acid for use in feed additives and in raw 
material for seasoning, respectively. 

ADVANTAGE - This is an improved fermentation by using a coryneform 
bacterium with enhanced glucose 6-phosphate isomerase activity to elevate 
productivity. 
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/ «J>Bft Knyt- (ddh) (Xfi^ h 7 t Ko^tfrr >®*^> 
(dapD) OTX^->-;W/7U £/ U >ir7->7- 

(dapE) ) &mxmx&mxTZ£L-vv>&m&ifito±t&ztifiat>ti 

TV>5 (WO 95/16042) . ft, WO 95/16042T-&7 1 h 7 b K D <j 9 > 

1tZb1fiWg2tl"C\M (#£¥7-121228^) , #H8g61-268185-f§ &fHfc 

trl§^x#:DNA^^#Ufc«)t) s ^^^*iTUSc £e>£, £f^BS63-214189^ 

u*s«Ba-ct±«^*nT*je>-fx ^3-7 6-';>K-r v/7— e^n- 
6 - u e*3- K-f assess =j «j ^snast^Au $om 

-7 6-U v/7— tffSttftJtSTrsc: L-U->*>XttL- 
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(1) ®m*<D?)in-x 6->)>m4V*7— BStttfJtSSi*^ *oL- 
( 1 ) ©d U*£m. 

(3) buIB^Io-* 6-U>B-f KSttoJiaiifi, ii!B«IB«BjlSrt 
©4010-* 6 - U >«-f V^7-f$3- Kr*»e?©3 K-RSfctt* 

ci:(3J:5*)©T**5iJfB (1) 

(4) »E^3-7 6 - 'J >i-f 3 - h't SICTxj/i ij 
fc7JBUffl86b*T-ifeS (3) ©n'j*3y$is 0 

(5) buI3 (1) ~ (4) ©^mfr©:ay*aHBfcJ*jfcCJg*-u tt«««i 

(6) L-'Ji;>ML-W^il4't,iaii5 
(5) ©£& 0 

%w^fiifc-r5fefe©ii^©^ 

< 1 >*&H§©n ij^in 

LTtt, L-'JS/*>, L-*>**>» % L-*U*z:> % L->fVD-f-», 

L— b ■J>^^^(f :ti6o>fTit L-«;s;>fitfL 
■^«fc?)*»T«t{3fi[arit»©JcouTttTO{c:affl$n»s. 
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x-r X • /^T'J*Dy- (Bergey's Manual of Determinative Bacteriology) 
SI8IK599JI (1974) KJ£8$ftTV>a-#©«£*n?ife t), Jffttt* T^ABtt* 

aStiT^fc^JSaES 'M^r'J *AM8fcLTate3ftfcHIB£S* (In 
t. J. Syst. Bacterid. , 41, 255 (1981)) , >J *>^^ >J tf AJgi:!^ 

Cfigftri/WrV £ AJiaHSStf * i7 0A-x »; ^AJgfcBSfc^tr,, L- u 

□ 'MM^iJ^A • h7«> F7^/^ ATCC13870 

nn/^f'J^A • h^Ol/* 5. *A ATCC15806 

3 'J ^/^t 'J • ^j^l/^"X. ATCC15991 

^n/^f 'JOA- ATCC13032 

(Xl/E/^yy ^A-r-fA'JA^A) ATCC14020 

(rut/^r'J -7 A • 7^ h77-^>^A) ATCC13869 

'J'J^A) ATCC15990 

(ri/E/^f'J £A • 77/tA). ATCC14067 



n !)*;^f "J "7 A 
7Vt/^7'J "7A 
71/ tV\'^x D "7A 
fV t/ti'f 'J «7A 
^l/K/^f'J^A 

3 •MM^t-D "7 A 



^7t3-7 ATCC17965 

^•y*o'Jr-f7A ATCC14066 

^>v<Jtf7-f;bA ATCC14068 

□ -tz*A ATCC13825 

f^y-^'JX ATCC19240 

7>t-770i ATCC15354 

V-^TXJf** AJ12340(FERM BP-1539) 

oy(;83«*iiT^S. AJ12340&HU MgH#Ii!ftfl5l££iftX^Xif£ 
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X^Pfti:LTtt^O«^*©^fe-5o S- (2-7$;i^) -. >xf .^ y 
(ttT, r AECj iiBSIBf^) fttt&fttt (0>J;LfcE, e^f'J ->A • 7* h 
7 7-^>^AAJ11082 (NRRL B-11470) #£1656-1914^, #£1656-1915^, 
#£1657-14157^, #£1657-14158^, #&Bg57-30474<f, #££6 58-10075^, 
#£1659-4993^, #£1661-35840^, #£1662-24074^, #£1662-36673^, # 
£¥5-11958^, #£¥7-112437-^, #£¥7-112438^#JB) , ZO&mzh-* 
** l J>%<DTi;m%&mt-rz%m& (#£1648-28078^, 4^i&^56-6499 
^f) , AEC(Cltt$£^U ^{CL-n^>>, L-^-feU^, l-7*DV>, L 

£g# (*E#M3708395-5f#tf!?§3825472^) , DL-a-7? y- £ -A7 
□ 7**A, a-T^-V^'J^^A, 77/t7^>|-7tD^ 7^ 

ftvtL-'Jj;>IiMl» (#BSHg50-53588^, #|§I650-31093^, #PSBg52 
-102498^, #18 1653-9394^, #811653-86089^, #Hl655-9783^, #PBS55- 
9759^, #181656-32995^, #BH656-39778^, #£1653-43591^, #£Bg53-l 
833*) , Y y ^ h-/^ ttt»SI$I$t 5 L - 'J y >41^I« (#811655- 
9784^, #8JBg56-8692^) , y )),* u t*>6t£ fctt34-Ctt±0Mfc:*f LT 
MttS^tL-yy^^MRtt (#g8flg55-9783^, #8jBg53-86090*) , jn 

fcttnu^/^r-y ">AJK©Msesflc (*S&gF£4411997*) „ 

L-zi/*->§:mmz%t zovzmmmt trot, n>j*M*^v 

•>A • h7^> h'70A AJ12318 (FERM BP-1172)(*B#s*i§5, 188,949^# 

«) L-4VDji/>£mmzGtz3v*$immtLz&y-i,vAyT 

• 7 AJ12149 (FERM BP-759)(*E#HFfjI4,656, 135*#fi3) 

If £ti-5. 
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*WMWiz&ux fL - y v>m(DL-y $ s&&m&j tit, nu* 
<2>iOi/D-* 6-U >»>f v*7— 

8Bi{c#xuT^«^-rti««fc^ 0 jBH*£»ttoaiJfirtoy^3-^ 6-u 

■tfHU x->iijt7 • o UT-iipgijtfi^lZU- KSftT^S. 

xi/xUtZ- => UOpgiiSe^OigSE^JttgltzWe^tc^nTV^S (Froma 
n, B.E. et al., Mol. Gen. Genet. 217, 126-131(1989), Genbank/EMBL/DDBJ acc 
etion No. X15196) Zto&WSfflVZ&rSwTftQ bfc 7*5 >f W*« 

EM^IEMS^iaV 2tZrn1-7-7^ v-^fflv%-c, i'/x'J t7 • uU&fefr 
DNA^ShtSPCRS (PCR : polymerase chain reaction; White, T. 
J. et al ;Trends Genet. 5,l85(l989)#!®) IC<fc^Ts pgVMBT.ZWL'ftt -5 £ 

(H.Saito and K.Miura Biochem.Biophys.Acta, 72,619,(1963), 
B*£®l.¥£m, 9 7~9 8M, igSfit, 1 9 9 2^#JB) DlHSfra 
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f^fgfc^*-DNA[C&i^LTSt&;LDNA£lii!*U Cft£x^x>) HT 

lS±CDSBISP , 3T-Sia^Dj|l^*>©6 s »^ t<, PUC19. pUC18, pBR322^ 

PHSG299. pHS6399> pHSG398, RSF1010H #3M:f *> ti£„ 

3U*a«a©aiJ6i*it:*^Ta**»aii6&^^^-i:tTttv pam33o 

PiI!S58-67699^&$#«fO , pHM1519 (#g|B858-77895^&$8#j53) 3?tf9ljr&ft 
•t4te*£8oDNAK>i-£*H>au IffliJ/i'J kT • =J UfflO^^^-tZ 

-tbx\*. ttTcDtt©^ e>iiSo ft* *ft*-*i©^*-£#8irs3a£ 
»fi vHi^^itas©sits^ & * o c tc * u to 

PAJ655 m'Jt7-3'MJ11882(FERM BP-136) 

miV 9f*»k - r Wi%SR8201 ( ATCC39 135 ) 
PAJ1844 i>i'Jk7-3'MJ11883(FERM BP-137) 

mi\' 9?m • r W$*ASH8202( ATCC39 1 36 ) 
PAJ611 P>x'Jk7-3'JAJ11884(FERM BP-138) 
PAJ3148 3';^^T'M->^?i^SR8203(ATCC39137) 
PAJ440 ;r^X-X*7*fWAJ11901(FERM BP-140) 
PHC4 P>i'Jk7-3'JAJ12617(FERM BP-3532) 

6 - 'j >mi F+zmfc^tn vimmmx-m 

>8N V/7-HfS3-K-r5afi : ?©*«|lc^3«fc5«cli4IR»*'C'<^^-& 
taSftSo g$£(±* T 4 D N A V -fe*^© U -te'^ffll^TfT 5 ©#i§-jl'c?fe 

±E©«fc5.l;iHSLfc*fi»BUDNA£:i U ^IllC^At SICttx 
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U K- 1 2Coi*T*££ilT^5<fc5«c* gSMflSfcilfbrt^^A-eM 
SLTDNA©^Jit45ii-r^^ (Mandel.M.and Higa,A.,J. Mol. Biol., 53, 
159 (1970)) #&»K rt*)V7> •X^U7i:oi\t«g$nTl^«t^s ig 
fcSPgoaififrfcs:'^^ Hz^SHSL-CDNASSAf*^ ( Duncan, 
C.H.,Wilson,G.A.and Young, F.E., Gene, 1, 153 (1977)) &$>Z> 0 &&^tiU 

SlClfi^ ffltt*.DNA£gJB£*Di&tf7n hr77Mf:liX7iD7' 
7* r©#^tC LT*®&;tDNA£DNAggSt;#A-r3£i£ ( Chang.S.and 
Choen,S.N.,Molec. Gen. Genet., 168, 111 (1979);Bibb,M. J. ,Ward, J.M.and H 
opwood.O. A., Nature, 274, 398 (1978);Hinnen,A. , Hicks, J.B.and Fink,G.R.,Pr 
oc. Natl. Acad. Sci. USA, 75 1929 (1978)) *>/fofflt:£5o XftWWgM&iZ- 

m^tzBnu&<Dfi&i&. n$s./wxvk mm* 2-207791 
ei^DNA±(c<7";i/3-^ 6 - >j >mj y^7-b'S3 - K-rs3te?s#=j 

fflt-^So ^BB¥2 - 1 0 9 9 8 5mkmzffl*$ftX^5 

^3-7 6 — 'j ^-Hf F-rsae?* r^^tfi/xcts 

U T C ii S & $ T & ft D N A ± C ^ o £ - $ A t £ Z t pJ f£ T & S » 
^■f*l©*SlC«fcoTt>BBtettttrt0^3-^ 6 - 'J >mi V^7-B4 

6-'J>K-fvX7-ffg(4olgSll ±g2©it£^Jg*8fr.<fc-5 
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Hf*e^ (#BJBg60-877889&&) , 3 y*** A«S&*®S£££; t K D * 

"'J>»6*iWt3-Kt5ifif (#&¥6-551499fi$?) 
5, 

77t7^n^-f (PFK, #^Bg6 3 - 1 0 2 6 9 29), 7trUD 
r^y^^^iy-A^fvH*;^^^ (PEPC. fcg§Bg 
6 0-8 7 78 89, ttRe6 2-5 5 0 8 99) , TCABf<D^x>M* 
mm (CS, M66 2 - 2 0 1 5 8 59, MPHK6 3- 1 196 889), t 
3=yHtH?*-« (A CO, M«6 2 - 2 9 4 0 8 69) , YV*x> 
■?tKD^-« (ICDH, 19MB6 2 - 1 6 6 8 9 09, #PB§6 3-2 
1 4 1 8 99) , T^/fbSJiSSttjKrs^l/^'^K^t Kd^— b* (GD 
H, %mi®6 1 - 2 6 8 1 8 59) W#$>Z 0 

&*5i^fcLTtt, t^'J>ftKDyt-m5 (WO 95/23864#JB) . 
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£ Its L-7>* * >m<D£.&l8.mi&fre>fr*tLLX L - 7)19 ^ >mXft®fc& 
f (aKGDH) , 4 V*x>»U7— tf, U >K7tf;!/ h 7 >X7 17- if, 

mz±mzitzzt&t:%z (wo96/o618o^#bs) 0 ~® «t 9 &=mj *mmmt 

LX&s W096/06180^tZf2$£ftT^3 7bt-M7xij>>A • 7 7 h77-^> 
^AAJ13029*s^lf ^.ix-So AJ13029&&, 1994# 9 ft 2 BtttttrXUfcffil&^ifo 
X^lHtt^^^Rfr (H5{£#^305-8566 B#S&i*Jlo < li$I-T i 1 # 3 
^) (C N gfEMFERM P-14501*: LT^tt^ii, 1 9 9 5^8M 1 Bi:7f^7 
K^(cS^<H|g^it(I^m^n> §§££^FERM BP-5189#tt-££ftTU£o 

f- > z<a%-?2>t%m*izx \f.*=j- > itmmmn<D#&.& tt* l - l 

-7>*^>&£llB#£m£-ii-£C:i: (W096/06180^#!®) c COctd 

*i^i:UT(is woge/oeiso^iiiE^ftT^-sri/trM^'j ?a • 77 h 7 

7-*>7AAJ12993ft#£l:f e>ft£. H^tt 1 9 9 4 ^ 6 B 3 BttttXXM&ffi 
Vi£.fiiJL¥xM&ffim?iPfi (»{g##305-8566 B*iMi^ < (irUM-Ti 1 
S3^) gltMFERM P-14348-C^IE^n, 1 9 9 5^831 Bl:^^ 
h£ifttCS^<@|Sg^ltll£m£tU §!t#^FERM BP-5188#tt4£*lT^-5o 

&z&£\z&b*®mmm&w® i &£htzmftzmrzm£izte, &%m(omm& 
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<3>L-7^i®4i 
7/n»-* 6 - 'J >K-f fe'7St£#Jg&«**u iPoL-7^i4i 

SH«ftHB^jg|-rs»^tca:, L-'Jy/SlIIL-^l/^ 5 >g£®4Mlfe 
ttT-Cfc*LT* .klM,, $5^iiL-'Jy>41|g^tt53 U^SiliiL 

3 7 9 3^&$B) o 

8n?fc*o R^iSfcUTB:* y*;m-* % ^?h-* N 7^t> 
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mtstsms M%M&%m%fiz &<%t-c 1 6~7 2i$fim 

Jfc-f5©#<fc<, lg#Sgii3 0°C~4 5'CIZ, lg#^pHtt5~9(3©Jfflir5o 
^■pHHSttt«l«ft*V>«4**|08tt*Su{±7 , ;Kiytt«ig. MIZT>* 

^{c«t*z:i;#-t-§£, Hewlett, L-40u* =• >mz®4*>&m®miz*. 

ill 

ttT, #&bjj £ Hffi^ij ic J: ») S & iz ic jft W 1" s . 
< 1 >x«>i >J t7-3 »JJM109*|iCDpgiJte^©^ o-->^ 

xS/xytT- 3U©pgii8fi^©JgaSE3»JttB£WS>fr££iiT^-5 (Froma 
n, B.E. et al., Mol. Gen. Genet. 217, 126-131(1989), Genbank/EMBL/DDBJ acc 

etion no. xi5i96) 0 u^^ixx\^^mm\z^wxmmmmn 1 &Xf 

2£^1-:77-f v-££fiRU iyx'Jt7 • 3 U JM109ft©&£#D N A£HM 
tc it? C RStz J: o e;nf >Hft H nyt- t?»fc* £ign Lfc» 

^fiELfcr^'T "?-©l*K i2?'J#^l(i, Froman, B.E. et al., Mol. Gen. Gen 
et. 217, 126-131(1989)lziB«£tiT^Spgii8£^©Jg£IEJ!l© 1 2 4 

SiCJIgKMSEflCffiiiiU iB?'J§^2(i, 2 5 7 3#a2>e> 2 5-5 OSB 
©igaicMSEflllCffiJji-f So 

xS/x 'J k7 • □ VJM109&©&fe#DNA©SlK!tt*i£K:«fcofc (4^X^H 
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»«. a*4«x^^ii, 9 7-9 81, %m.m, i 9 9 2m , pcr 

SJfctt, PCR£ftH8 _(H3M8(2fr«. #4HiJKa, 198 9*) 18 51 
4fi6LfcPCR«*S«ifet:j:Dlltia, SmalTrSJBr Ufc75* * KpHC4 

7*h>10g/L, h-f-a hi** h 5g/U NaCl 5g/U »^15g/L, pH 

7.2) (IgfiU -BfciSH&s tK3iL£a£0=in--££jt)±U\ | 3D r-^ 

-13 pgiStfi^e^Ufcr?* ^ KpHC4pgi 
pHC4H^t5xyxiJh7 • 7*7^ ^- h * Wt-AJ12617fc* 

i99i^4S24Bfc mmmmgxm&ffim£iftJL¥3Lmmm3L 

PR (»(KK305-8566 B*B$*»o<tti|f*-TBli3t) tS&MFE 
RM P-122 15J:Um$n, 1991^8H26Bl:, r*^* h& 
»C*<HIMFKfc:#*Sii, SKifFERM B P - 3 5 3 2 IfittZZtiX 

fcc, ^n-->^^titDNAtBrK-* s ^ r ;n3-x 6- »;>R-f if 
«ttS*-r*^>M^RSD-KUTl^Cfc*StB-r4fc», JM109M 
V> pHC4pgi$«}$t5JM10 9ft©y;i/D-7 6-';>K^v^7 
— b*rSt4£, Muramatsu, N. and Kosoh, Y. , Arch. Biochem. Biophys. 144, 24 
5-252 (1971)£iB«©£&{;:«fc»>a!3fcl,fc. ^<D*£^ pHC4pgifc«fift 
£ JM 1 0 9^{i, pHC 4 p g i SffSl/teHJMl 0 9&GD& 1 5ft<D7)l 

< 2 > 3 U *Mg© L - 5. >m£M&^(D p H C 4 p g i (DM Kb L - 

-207791-5&«#ob) ia!)777U-pHC4pgi-eiIlHiU »6fifcJB 
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mm&ftznrzo m ^ftfc^M£&ftAJi3029/pHC4pgi£m^L-^* ^>m. 

CM 2 B7U- hi£ifeKTiSilLT^fcAJ13029/pHC4pgift©S#£, 5^g/il© 

hZfZ&toigmLtzo iy Y U-)Vh UTU "JWrV AJgijfflgAJ1302 
HpHC4&*ft^;i/^«{zJ:D^MIi|j|U'fcHacS±E2:BI«tUT«#tfc 0 



Ti2fi£# (1 L+) fcjgfffU K0HT-pH8.0{Cilil^Lx 115°CT-15^jSgt-5o 




150g 


KHsPO* 


2g 


MgSO* • 7H*0 


1.5k 


Fe S04 • 7H*0 


15ng 


MnSO,> 4 H2O 


15mg 




50ml 




2mg 




3mg 



mi 



m ft L-^*5>®£f£M(g/L) 



AJ13029/pHC4 
AJ13029/pHC4pgi 



2 1.0 
2 3.5 
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ri/t;^rV)A • h77-^ AAJ11082£m^<;u*& (8§§¥2 

-2omm&mm) c^or^^ KpHC4 P gi-c-ff*g£&u ^tifc^KSiSi 

^?)l^fe^gfe^^|^AJ11082/pHC4pgi5ffl^^■CL-';^>4^©fe4^>© 
i£#£WT0£3£ftofco S/zg/mlcD^o^A^i ~3-;i/^^tf CM2 B7*b 
-h^%{CT^*bTf#fcAJ11082/pHC4pgi»oa^^, 5/zg/ml©^ D7A71 
-□-;»/S^tfTf2E^©L-U^>^tglfe(cgat, 31.5-ClCTigtfefp©© 

sajiio82^iz, mzw.m$tiT^zzi u^m-^^'j ^AJias-cs^a^Rrtg^ 

^l/t^fU £A • r7 7-X>*AAJU082fcj:, 1981$U£31Blc£# 
Sr^Si&^i&^pJr (Agricultural Research Culture Collection^ 
a -i V J 1 6 0 4 tr^UT /-^azn-^r-fiO 1 8 1 5(1815 
N. University Street, Peoria, Illinois 61604 U.S.A.)) Izmffi^&Zh. g 
ftH-tNRRL B-11470###£ftTV^o 
CL- U v>4^JgtfeD 

^*;ui">AW^©TI3^ (1L#) £;gfl¥U K0HT-pH8.0fZSl^U 11 

5-CT-i5#ssgufegL S'J(3$g^Stfc^K*;w^e7A^50giax.^ o 



9)VD-x 100 g 

(NHO 2 SO< 55 g 

KH 2 P04 1 g 

MgSO. - 7H*0 1 g 

e*^> 500 fig 

3~7 ? > 2000 /zg 

Fe SO, • 7H 2 0 0.01 g 

MnSCK • 7H 2 0 0.01 g 

-H^-^TlY 5 mg 



m&WtofcftM® (sit) 30 ml 
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50 g 

?7i-7JV-AS-2 1 OlZ&*)MfeLtzo £©i:£©*£lll£3E2£*Lfco 



312 


HI ft 


L-Ui/*>«fi(g/L) 


AJU082/pHC4 


2 9.1 


AJU082/pHC4pgi 


3 3.4 



< 4 >r> V*^*1S©L- V ^>ML-y;^ $ >»4S(*^OpHC4pgi03|A 

7H^/^7^A • 7 7 h7 7-^>*AAJ12993£Hm^;i'*ife (#H¥2 
-207791-^fi*#!H) iaDr775 KpHC4pgiT?J&HlE»U »e>ftfcj&*te* 
Hifc»fc.»S>ftfcJBK £&1*AJ 1 2993/pHC4pgi SfflUTL-'J5?>ML-^ 
*$>*M©fcft©JS«ttT©«fc-3fc:fTofc. 5/zg/ml©^D7A7x^D- 
;w<£#tfCM2 B7-U- hJgtft(3T^j|LTfffeAJ12993/pHC4pgi^©a^$, 5 
^g/ml©^ D5 A 7 xxn-^SStrHMBL - U s;>^S«*t«« LT31.5-C 
Jg^&gi^LT^e, 1 2Big|££ggU&3 4°ClZ*>7V U 

%%>ipQ)mv®n£nz£X'Mb?%mLrz 0 hu-jit lt^ y*/<*y 

U -7AJ1^1®AJ12993^{;, R£M$ftT^S:3 'j*/*??^ ^AJgifflST-e'# 
ttSI'Wtfx'y^Tr^/f +f-AS-2 1 0 iz«fc t)$!£Ufco c©££©*Sm£ 

l£ 3 \Zrfs L to 
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£3 




m « l- 


U^>4ia*(g/L) 




AJ12993/pHC4 


10.0 


18.9 


AJ12993/pHC4pgi 


12.1 


20. 8 
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3. H«fB^;HJ-^ 6- 'J >8K V*^-- fc?Sft©ii3S£#, BulBaBSMrt 

5. a*si'>'4©v^m*»-su:iE«ouu*§i«as^ii!it««u 
c: 1- s l - t x j m<Dm&& 0 
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Sequence Listing 

<110> Ajinomoto Co., Inc. (BfcOfSt&j^tt) 

<120> L-T5. ;m<DW.fe& 

<130> B638MSOP1021 

<150> JP 11-189513 
<151> 1999-07-02 

<160> 2 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for 
amplifying Esherichia coli pgi gene 

<400> 1 

ggatccattt tcagccttgg caca 24 

<210> 2 
<211> 24 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :priier for 
amplifying Esherichia coli pgi gene 



<400> 2 

gcatgcgaat tacggcgcgg ggaa 
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